organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 



ISSN 1600-5368 



Ethyl 2-[(2,4-difluorophenyl)hydrazinyl- 
idene]-3-oxobutanoate 
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Mo Ka radiation 

Data collection 
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The asymmetric unit of the title compound, C 12 H 1 2F2N 2 03, 
contains two molecules, both of which exist in an E 
conformation with respect to their C=N bonds [1.321 (6) 
and 1.310 (6) A]. The molecular conformations are supported 
by intramolecular N— H- ■ O hydrogen bonds, which generate 
S(6) rings. In the crystal, molecules are linked by C— H- ■ O 
and C— H- • -F hydrogen bonds into layers lying parallel to 
(001). The crystal studied was an inversion twin with a 
0.58 (1):0.42 (1) domain ratio. 

Related literature 

For the biological activity of oxobutanoate derivatives, see: 
Billington et al. (1979); Stancho et al. (2008). For the biological 
activity of pyrazole derivatives, see: Rai et al. (2008); Girisha et 
al. (2010); Isloor et al. (2009). For hydrogen-bond motifs, see: 
Bernstein et al. (1995). For bond-length data, see: Allen et al. 
(1987). 



Refinement 

R[F 2 > 2a(F 2 )} = 0.065 

wR(F 2 ) = 0.219 

S = 1.02 

3855 reflections 

356 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.22 e A~ 3 

Ap mi „ = -0.24 e A~ 3 



D-H-A 




D-H 


H- ■ A 


D- ■ A 


D-H-A 


NIB-HWB- 


■02B 


0.92 (4) 


1.78 (4) 


2.541 (5) 


138 (4) 


NIA-HINA- 


■02A 


0.86 (5) 


1.88 (5) 


2.547 (6) 


133 (4) 


CIA-H1AA- 


■02A' 


0.93 


2.58 


3.476 (7) 


163 


C\A-HAAA- 


■03,4" 


0.93 


2.45 


3.375 (6) 


173 


C1B—H2BA- ■ 


■02B' 


0.93 


2.54 


3.449 (6) 


166 


C4B—H4BA- ■ 


■03B" 


0.93 


2.46 


3.380 (6) 


170 


CWA-HWA- 


■■F2A m 


0.96 


2.54 


3.343 (9) 


141 


C10B-H10D- 


■ F2B™ 


0.96 


2.48 


3.330 (7) 


148 


Symmetry codes: (i) x, y - 




— y, V, (iii) x + 


1 -y + l,Z. 





Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 

HKF and CKQ thank Universiti Sains Malaysia for the 
Research University Grant (No. 1001/PFIZIK/81U60). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HB6590). 




Experimental 

Crystal data 

Ci 2 H 12 F 2 N 2 03 a = 21.814 (4) A 

M r = 270.24 b = 9.0079 (15) A 

Orthorhombic, Pca2, c = 13.188 (2) A 
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Arabia. Thomson Reuters ResearcherlD: A-3561-2009. 
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Ethyl 2-[(2,4-difluorophenyl)hydrazinylidene]-3-oxobutanoate 
H.-K. Fun, C. K. Quah, S. Shetty and B. Kalluraya 

Comment 

Derivatives of oxobutanoates are biologically important. 4-Methylthio-2- oxobutanoate was identified in the culture fluids 
of a range of bacteria, e.g. the yeast Saccharomyces cerevisiae and the fungus Penicillium digitatum (Billington et al, 
1979). Some oxobutanoates exhibit cytotoxic properties (Stancho et al., 2008). Pyrazole derivatives are well established 
in the literatures as important biologically effective heterocyclic compounds (Rai et al, 2008). These derivatives are the 
subject of many research studies due to their widespread pharmacological activities such as anti-inflammatory (Girisha et 
al., 2010), antipyretic, antimicrobial (Isloor et al., 2009), and antiviral activities. The widely prescribed anti-inflammatory 
pyrazole derivatives, celecoxib and deracoxib, are selective COX-2 inhibitors with reduced ulcerogenic side effects. The 
title compound (I), ethyl-2-[(2,4-difluorophenyl)hydrazinylidene]-3-oxobutanoate, is an intermediate in the preparation of 
pyrazole derivative. Condensation of oxobutanoate with thiosemicarbazide in glacial acetic acid medium gave the required 
pyrazole derivatives. 

The asymmetric unit of (I) contains two independent molecules (Fig. 1), A and B, with comparable geometries. Both 
molecules exist in trans conformations with respect to the C7=N2 bonds [C7A=N2A = 1.321 (6) A, C7B=N2B = 1.310 
(6) A]. The crystal studied was an inversion twin with a 0.58 (1):0.42 (1) domain ratio. The bond lengths (Allen et al, 
1987) and angles in the title compound are within normal ranges. The molecular structure is stabilized by intramolecular 
N1A-H1NA 02A and N1B-H1NB-02B hydrogen bonds which generate S(6) ring motifs (Bernstein et al, 1995). 

In the crystal (Fig. 2), molecules are linked via C2A-H2AA-02A, C4A-H4AA-03A, C10A-H10A-F2A, 
C2B-H2BA 02B, C4B-H4BA - 03B and C10B-H10D-F2B hydrogen bonds (Table 1) into infinite sheets lying parallel 
to the (001) plane. 

Experimental 

The title compound was prepared by dissolving 2,4-difluoroaniline (0.01 mol) in dilute hydrochloric acid (10 ml) and cooled 
to 273K in an ice bath. To this, a cold solution of sodium nitrite (0.02 mol) was added. The resulting diazonium salt solution 
was filtered into a cold solution of ethyl acetoacetate (0.05 mol) and sodium acetate in ethanol. The separated yellow solid 
was filtered, washed with water and recrystallized from ethanol. Yellow blocks of (I) were obtained from DMF by slow 
evaporation. 

Refinement 

Atoms H1NA and H1NB were located in a difference Fourier map and refined freely with N-H = 0.86 (6) and 0.92 (5) 
A. The remaining H atoms were positioned geometrically and refined using a riding model with C-H = 0.93-0.97 A and 
(7i S0 (H) = 1 .2 or 1 .5 C/ e q(C). A rotating-group model was applied for the methyl groups. The crystal studied was an inversion 
twin with a 0.58 (1):0.42 (1) domain ratio. 
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Figures 




Fig. 1. The molecular structure of the title compound showing 30% probability displacement 
ellipsoids for non-H atoms. Intramolecular hydrogen bonds are shown as dashed lines. 



Fig. 2. The crystal structure of the title compound, viewed along the b axis. H atoms not in- 
volved in hydrogen bonds (dashed lines) have been omitted for clarity. 



Ethyl 2-[(2,4-difluorophenyl)hydrazinylidene]-3-oxobutanoate 



Crystal data 

Ci 2 H 12 F2N203 
M,- = 270.24 
Orthorhombic, Pca2\ 
Hall symbol: P 2c -2ac 
a = 21.814 (4) A 
6 = 9.0079 (15) A 
c= 13.188 (2) A 
K= 2591.4 (8) A 3 
Z=8 



F(000) = 1120 

D x = 1.385 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 3499 reflections 

6 = 2.3-29.8° 

|i = 0.12 mm 1 

T=296K 

Block, yellow 

0.38 x 0.32 x 0.31 mm 



Data collection 

Bruker SMART APEXII DUO CCD 
diffractometer 



3855 independent reflections 
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Radiation source: fine-focus sealed tube 
graphite 
cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
r min = 0.957, J max = 0.964 
14829 measured reflections 

Refinement 
Refinement on F 2 
Least-squares matrix: full 

R[F 2 > 2q(F 2 )] = 0.065 

wR(F 2 ) = 0.219 

S= 1.02 
3855 reflections 
356 parameters 
1 restraint 

Primary atom site location: structure-invariant direct 
methods 

Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F , convention- 
al R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




F1A 


0.02111 (12) 


-0.0552 (3) 


0.4291 (4) 


0.0738 (10) 


F2A 


-0.01712 (16) 


0.4553 (4) 


0.4498 (5) 


0.1088 (16) 


OlA 


0.31436 (14) 


0.0724 (4) 


0.4235 (4) 


0.0659 (10) 


02A 


0.16259 (16) 


-0.2942 (4) 


0.4261 (4) 


0.0719(11) 


03A 


0.34608 (17) 


-0.1594 (5) 


0.4477 (5) 


0.0828 (14) 


N1A 


0.14227 (16) 


-0.0160 (5) 


0.4336 (4) 


0.0500 (10) 


N2A 


0.20161 (16) 


0.0028 (5) 


0.4353 (4) 


0.0478 (10) 


CIA 


0.1253 (2) 


0.2526 (6) 


0.4428 (6) 


0.0642(16) 


H1AA 


0.1673 


0.2701 


0.4442 


0.077* 



1903 reflections with / > 20(1) 
R int = 0.058 

'-'max -y , vmin i -" 

h = -25^30 

£ = -12^11 
/ = -18^18 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = V[c 2 (F 2 ) + (0.1013/ 5 ) 2 + 0.7683P] 
where P = {F 2 + IF 2 )!?, 
(A/o) max = 0.001 
Ap max = 0.22 e A~ 3 
Ap m i„ = -0.24 e A~ 3 

Absolute structure: Flack (1983), 3406 Friedel pairs 
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Atomic displacement parameters (A 2 ) 
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-0.004 (2) 


pi nn 1 /">\ 
—U.UUl yZ) 


N2A 


0.0309(18) 


0.056 (2) 


a ac/; (Tt 




-0.0023 (17) 


-0.002 (2) 


U.UUl yZ) 


CIA 


0.038 (2) 


0.059 (4) 


a aac fA \ 




-0.007 (2) 


0.000 (3) 


pi nnc (A\ 
U.UUj (4J 


C2A 


0.055 (3) 


0.058 (3) 


A fine t A\ 
U.UVo (4_ 




-0.002 (2) 


0.002 (4) 


— U.UUZ (4 ) 


C3A 


0.053 (3) 


0.066 (4) 


n aac (A \ 

u.uyj (4_ 




0.019(3) 


0.002 (4) 


U.UU .5 (4 ) 


C4A 


0.039 (2) 


0.075 (4) 


U.U / 0 {J^ 




0.004 (2) 


0.000 (3) 


pi r\CiA (A \ 
U.UU4 (4J 


C5A 


0.036 (2) 


0.059 (3) 


n acq fi^ 




-0.004 (2) 


-0.003 (3) 


U.UU3 {3) 


C6A 


0.032 (2) 


0.054 (3) 


A AC/1 /I A 
U.U34 {j^ 




-0.0031 (19) 


-0.002 (3) 


U.UUl {j) 


C7A 


0.036 (2) 


0.048 (2) 


n n/: 1 fi~i 
U.Uol {j^ 




-0.0008 (19) 


0.000 (3) 


r\ r\r\r\ fi\ 
U.UUU {3 ) 


C8A 


0.037 (2) 


0.061 (3) 


U.Uol {3^ 




-0.001 (2) 


-0.002 (3) 


U.UU3 {J ) 


C9A 


0.033 (2) 


0.076 (4) 


a aa~7 (a\ 
u.uy / (4_ 




-0.010 (2) 


-0.003 (3) 


— U.UUo (4 ) 


C11A 


0.058 (3) 


0.051 (3) 


U.U 1 Z {j t 




-0.002 (2) 


0.000 (3) 


Pi PiPiI 
U.UU3 {J ) 


C12A 


0.077 (5) 


0.049 (3) 


a 1 c c ic\\ 

u.isj (y 




0.007 (3) 


0.004 (6) 


Pi PiPiQ f£\ 

—U.UUo (0 ) 


CI OA 


0.062 (4) 


0.084 (5) 


n 1 Q 1 

u.iy i (i 


) 


-0.021 (4) 


0.000 (5) 


Pi PlPlt* 

U.UUo [p) 


FIB 


0.0406 (15) 


0.0605 (17) 


A 1 AC /T\ 

U.IUj 




-0.0105 (13) 


-0.004 (2) 


Pi PiPiI /">\ 

U.UU3 yl) 


F2B 


0.073 (2) 


0.078 (2) 


A 1 "7C ( A\ 

U.l ID (4 




0.0353 (17) 


0.001 (3) 


Pi PiPiI f1\ 

U.UU3 \5) 


01B 


0.0300 (15) 


0.055 (2) 


A AAA /i\ 

u.uyy {j^ 




-0.0035 (13) 


-0.001 (2) 


Pi PiPiI (1\ 
U.UU3 [Z) 


02B 


0.048 (2) 


0.057 (2) 


A 1 T A (A \ 

u.uy (4_ 




-0.0121 (16) 


0.006 (3) 


pi p>p>/\ fi\ 
U.UU4 {D ) 


03B 


0.0375 (17) 


0.065 (2) 


A \")A ( A~\ 

U.1Z4 (4_ 




0.0095 (15) 


-0.001 (2) 


Pi PiPiZ f1\ 

U.UUj yj ) 


NIB 


0.0292 (17) 


0.046 (2) 


U.U 1 L 




-0.0036 (15) 


-0.003 (2) 


Pi PiPiPi fX\ 

U.UUU yj ) 


N2B 


0.0308 (16) 


0.058 (2) 


A acc fy\ 
U.Ujj (Z_ 




-0.0046 (16) 


-0.001 (2) 


pi PiPiPi /"n 
U.UUU yZ) 


C1B 


0.042 (3) 


0.055 (3) 


A AO A (A\ 

u.usy (4_ 




-0.005 (2) 


-0.002 (3) 


Pi pipi~j <"i\ 

U.UU / yj) 


C2B 


0.051 (3) 


0.056 (3) 


A 1 1 O /c\ 

u.nz {j > 




0.002 (2) 


-0.005 (4) 


Pi PiPi 1 (A \ 

—U.UUl yn) 


C3B 


0.052 (3) 


0.059 (3) 


A AQ1 (A \ 

u.uy 3 (4_ 




0.015 (2) 


-0.002 (4) 


Pi PiPi~J (A\ 
U.UU / (4J 


C4B 


0.041 (2) 


0.069 (3) 


A (171 (1\ 
U.U 1 Z {J^ 




0.002 (2) 


-0.004 (3) 


pi nm fx\ 
U.UUl y3) 


C5B 


0.039 (2) 


0.052 (3) 


A AC/; f1\ 

U.Ujd (J 




-0.001 (2) 


-0.006 (3) 


Pi PiPi 1 

—U.UUl {3 ) 


C6B 


0.033 (2) 


0.050 (2) 


A AC 1 

U.UM (Z 




-0.0036 (17) 


-0.003 (3) 


Pi PiPi 1 /"3\ 

U.UUl y3) 


C7B 


0.037 (2) 


0.048 (2) 


0.055 (3) 




-0.0013 (19) 


-0.001 (3) 


0.003 (3) 


C8B 


0.036 (2) 


0.052 (3) 


0.058 (3) 




0.0005 (19) 


-0.001 (3) 


0.006 (3) 


C9B 


0.028 (2) 


0.075 (3) 


0.093 (4) 




-0.009 (2) 


-0.001 (3) 


0.000 (4) 


CUB 


0.051 (3) 


0.055 (3) 


0.069 (3) 




-0.005 (2) 


-0.001 (3) 


-0.002 (3) 


C12B 


0.064 (3) 


0.049 (3) 


0.136(5) 




0.001 (3) 


-0.009 (5) 


0.002 (5) 


C10B 


0.069 (4) 


0.063 (4) 


0.232 (10) 


-0.026 (3) 


-0.017(7) 


0.000 (7) 
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Geometric parameters (A, °) 




F1A — C5A 


1.345 (6) 


F2A — C3A 


1.362 (6) 


OlA — C8A 


1.320 (7) 


OlA— C9A 


1.460(6) 


02 A— C11A 


1.236 (6) 


03A— C8A 


1.208 (6) 


N1A — N2A 


1.306 (5) 


N1A— C6A 


1.403 (6) 


N1A— H1NA 


0.86 (6) 


N2A— C7A 


1.321 (6) 


CIA— C2A 


1.379 (8) 


CIA— C6A 


1.389 (7) 


CIA— H1AA 


0.9300 


C2A— C3A 


1.373 (8) 


C2A— H2AA 


0.9300 


C3A— C4A 


1.365 (8) 


C4A— C5A 


1.370 (7) 


C4A— H4AA 


0.9300 


C5A— C6A 


1.375 (6) 


C7A — Cll A 


1.469 (7) 


C7A— C8A 


1.485 (7) 


C9A— CI OA 


1.495 (10) 


C9A— H9AA 


0.9700 


C9A— H9AB 


0.9700 


C11A— C12A 


1.488 (8) 


C12A— H12A 


0.9600 


C12A— H12B 


0.9600 


C12A— H12C 


0.9600 


CI OA— HI OA 


0.9600 


CI OA— HI OB 


0.9600 


C10A— H10C 


0.9600 


C8A— OlA— C9A 


116.1 (4) 


N2A— N1A— C6A 


119.6(4) 


N2A— N1A— H1NA 


120 (3) 


C6A— N1A— H1NA 


121 (3) 


N1A— N2A— C7A 


120.8 (4) 


C2A— CIA— C6A 


120.3 (5) 


C2A— CIA— H1AA 


119.9 


C6A— CIA— H1AA 


119.9 


C3A— C2A— CIA 


118.2 (5) 


C3A— C2A— H2AA 


120.9 


CIA— C2A— H2AA 


120.9 


F2A— C3A— C4A 


117.7 (5) 


F2A— C3A— C2A 


118.8(5) 


C4A— C3A— C2A 


123.5 (5) 


C3A— C4A— C5A 


116.7(5) 



sup-6 



FIB — C5B 


1.350 (5) 


F2B — C3B 


1.360 (6) 


01B — C8B 


1 .324 (6) 


OIB — C9B 


1.450 (5) 


02B — CUB 


1.241 (6) 


03B — C8B 


1.194 (6) 


NIB — N2B 


1.315 (5) 


NIB — C6B 


1.396 (6) 


NIB — H1NB 


0.92 (5) 


N2B — C7B 


1.310 (6) 


CIB— C2B 


1.364 (8) 


CIB — C6B 


1 .392 (7) 


CIB — H1BA 


0.9300 


C2B — C3B 


1.379 (7) 


C2B — H2BA 


0.9300 


C3B — C4B 


1.365 (8) 


C4B — C5B 


1.381 (7) 


C4B — H4BA 


0.9300 


C5B — C6B 


1.383 (6) 


C7B — CUB 


1 479 (7) 


C7B — C8B 


1 .492 (6) 


C9B — CI 0B 


1 .464 (8) 


C9B— H9BA 


0.9700 


C9B— H9BB 


0.9700 


CUB— C12B 


1.497 (7) 


C12B— HI 2D 


0.9600 


C12B— H12E 


0.9600 


C12B— H12F 


0.9600 


CI 0B— H10D 


0.9600 


CI OB— H10E 


0.9600 


CI OB— HI OF 


0.9600 


C8B — OIB — C9B 


117.3 (3) 


N2B — NIB — C6B 


119 1 f4) 


N2B — NIB — H1NB 


115 (3) 


C6B — NIB — H1NB 


126 (3) 


C7B — N2B — NIB 


121.2 (4) 


C2B — CIB — C6B 


120.8 (5) 


C2B — CIB — H1BA 


119.6 


C6B— CIB— H1BA 


119.6 


CIB— C2B— C3B 


118.5 (5) 


CIB— C2B— H2BA 


120.7 


C3B— C2B— H2BA 


120.7 


F2B— C3B— C4B 


118.0 (5) 


F2B— C3B— C2B 


118.3 (5) 


C4B— C3B— C2B 


123.5 (5) 


C3B— C4B— C5B 


116.3 (4) 
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PO A p A A I I 1 A A 

C3A — C4A — 1 14AA 


1Z1 .0 


P1T3 ( ' 1 I) I I ,| D a 

C3r> — C4r> — ii4r>A 


n 1 n 

121 .y 


PC A A A I I 1 A A 

CjA — C4A — hl4AA 


1Z1 .0 


pr[) P/1T3 I I I I) A 

CjB — C4r> — ii4BA 


n 1 n 

121 .y 


TT1 A PC A /l A 

r 1 A — CjA — C4A 


1 1 n o f a \ 
liy.o (4) 


T71D PCD P/IO 

r IB — CjB — C4B 


i 1 n i ( a\ 
11 y.3 (4) 


T7 1 A PC A P/L A 

r 1 A — CjA — Co A 


in a (a \ 
11 I A (4) 


IT 1 D PCT3 p /: D 

r IB — CjB — CoB 


inn ( a\ 

ii /.y (4) 


pi a a re a p/l a 
C4 A — C J A — CoA 


1 T) O { Z\ 

122.0 (j) 


P/1D PCD P/^T5 

C4B — CjB — CoB 


1 T> O (A \ 

122. o (4) 


PC a PiC A PI A 

C j A — Co A — C 1 A 


1 1 o c /c\ 
llO.J (J) 


PCD P/CD P1D 

CjB — CoB — C1B 


1 1 o n ( a\ 
llo.U (4) 


( -C A ( ' ^ A Ml A 

CjA — Co A — JN 1 A 


1 1 Q H (A\ 

1 lo. / (4) 


prn P£D "N.T1 D 

CjB — CoB — IN IB 


110 1 ( A\ 

llo.l (4) 


P 1 A ( '/^ A Ml A 

CIA — Co A — JN 1 A 


1 11 0 ( A\ 

IZZ.o (4 J 


C 1 B — CoB — IN 1 B 


123.0 (4) 


\M A P*7 A PI | A 

JN2A — C /A — CI 1A 


123.0 (4) 


MOD P*7D PI ID 

JN2B — C Id — C 1 IB 


1 11 O SA\ 

123.0 (4) 


\n A P*7 A PO A 

JN2A — C / A — CoA 


111 O (A \ 

113.0 (4) 


MOD P7D POD 

JN2B — C Id — CoB 


1 1 A 1 ( A\ 

1 14.2 (4) 


P1 1 A P"7 A P O A 

CI 1A — C /A — CoA 


mi £ //i \ 
IZZ.O (4) 


PI ID P*7D POD 

C 1 1 B — C / B — CoB 


1 ii n sa\ 
IZZ.V (4) 


A1 A PO A A1 A 

<J3 A — CoA — <J 1 A 


1 11 1 

123.1 \p) 


AID POD AID 

<J3B — CoB — <J 1 B 


1 ii n sa\ 
123.U (4) 


AQ A PO A P7 A 

<J3A — CoA — C / A 


123. y (j) 


AID POD P*7D 

U3B — CoB — C / B 


1 TC 1 PC\ 

12j.l (j) 


p.1 A PO A PT A 

<J1A — CoA — C / A 


111 A (A \ 

113.U (4) 


AID POD P*7D 

U 1 B — CoB — C / B 


111 n (A \ 
11 l.y (4) 


A1 A Pfi A P1AA 

<J 1 A — cy A — C 1 U A 


1U /.3 ( j) 


AID PAD pin o 

<J 1 B — cyB — C 1 UB 


1 no i (a \ 
lUo.2 (4) 


A1 A PO A Tin A A 

<J 1 A — CVA — hiyAA 


1 1 A 1 

1 1U.3 


AID PAD I m I) A 

(J 1 B — cyB — hiyBA 


1 1 n 1 
1 1U.1 


P 1 A A PO A I 1(1 A A 

C 1 UA — cyA — hiyAA 


1 1 A 1 

11U.3 


p 1 nD pnD i inn a 

ciub — cyB — hiyBA 


1 1 n 1 
1 1U.1 


p. 1 A p() A TIO A I) 

<J 1 A — cyA — hiyAB 


i i n i 
11U.3 


A1D PAD UflDD 

(J 1 B — cyB — hiyBB 


1 1 n 1 
1 1U.1 


p 1 n a pn a i m a d 

C 1 UA — cyA — hiyAB 


1 1 n i 
11U.3 


p 1 nD pnD i in id id 
C 1 UB — cyB — hiy BB 


1 1 n 1 
1 1U.1 


Tlfl A A Pfl A 1 1(1 A I) 

hiyAA — cyA — hiyAB 


1 no c 


TIOD A PnD UflDD 

hiyBA — cyB — hiyBB 


1 no a 
lUo.4 


A p 1 1 A P*7 A 

<J2A — CI 1A — C /A 


1 1 n ^ 
liy.O {D) 


AID pi ID P*7D 

U2B — C 1 1 B — C / B 


1 1 O A ( C\ 

115.4 ( j) 


AO A Pll A pn A 

<J2A — C 1 1 A — C 1 2 A 


no/; 
llo.O P) 


AID pi ID PnD 

<J2B — C 1 1 B — C 1 2B 


1 1(\ n /c\ 
12U.U (j) 


P*7 A Pll A PITA 

C/A — CI 1A — C12A 


n 1 o 
121.0 {p) 


P*7D PI ID PnD 

C / B — C 1 1 B — C 1 2B 


m £ / a\ 
121.0 (4) 


PI | A PITA Tin A 

CI 1A — C12A — hll2A 


1 nn c 


PI ID p| ID I I 1 "> 

C 1 1 B — C 1 2B — H 1 ZD 


1 nn c 

iuy.j 


P1 1 A PITA Til ID 

CI 1A — C12A — xilZB 


1 nn c 

iuy.!> 


PI ID p| id I I | 1 r 

C 1 1 B — C 1 2B — H 1 2b 


1 nn c 

iuy.j 


Tin A PHA I I 1 -> D 

hllZA — ClzA — hll2B 


1 nn c 


I I i -> r-\ pi id I I 1 "> C 

H 1 ZD — C 1 2B — H 1 2b 


1 nn c 

iuy.j 


P1 1 A PITA [[I TP' 

CI 1A — ClzA — hllZC 


1 nn c 


pi id pi id 1 1 1 ~> rr 
C 1 1 B — C 1 2B — hi 1 2h 


1 nn c 

iuy.j 


Tin A PHA I I | ip' 

hllZA — ClzA — hllZC 


1 nn c 


1 1 1 -> fa pi -> i) 1 1 1 -> rr 
hl 1 ZD — C 1 2B — hi 1 2h 


1 nn c 

iuy.j 


I I 1 ~> O PHA 1 I 1 IP 

H 1 2B — C 1 2 A — H 1 ZC 


1 nn c 

iuy.!> 


1 1 1 -)r phd 1 1 1 "> rr 
hl 1 2b — C 1 2B — hi 1 2h 


1 nn c 

iuy.j 


V V r\ V 1 Urt 1 1 1 Urt 




pqr noR hnon 

v / 1-> — v i ur> — 1 1 1 


1 Ui'. J 


C9A — CI OA — HI OB 


109.5 


C9B — C 1 0B — H 1 0E 


109.5 


H10A — C10A — H10B 


109.5 


H 1 0D — C 1 0B — H 1 0E 


109.5 


C9A — CI OA — H10C 


109.5 


C9B — C 1 0B — H 1 OF 


109.5 


H10A — C10A — H10C 


109.5 


H 1 0D — C 1 0B — H 1 OF 


109.5 


H 1 OB — C 1 OA — H 1 OC 


109.5 


H 1 0E — C 1 0B — H 1 OF 


109.5 


r^c a mi a \n a f^n a 
CoA — JN 1 A — JN2A — C / A 


1 *7n *7 

i /y. / (0) 


CoB — JN IB — JN2B — C/B 


no A P/C\ 

—i /o.y (o) 


f^Z. A P 1 A f^"t A PI A 

CoA — CIA — C2A — C3A 


n n /1 t\ 
U.U (12) 


CoB — C 1 B — C2B — C3B 


1 /I / 1 T\ 

1.4 (12) 


A f^"i A r^i A CO A 

C 1 A — C2 A — C3 A — r 2 A 


1 /y.3 yl) 


pin POD nn OD 

C1B — C2B — C3B — r2B 


1 HQ A (H\ 
— Y /0.4 (/) 


PI A PI A PI A P/1 A 

C 1 A — C2 A — C3 A — C4 A 


n i /1 1\ 
—\).Z (13) 


/ ' 1 T 1 / ' "1 I ) /'IT 1 / ' 1 [ 1 

C1B — C2B — C3B — C4B 


1 £L /1 1\ 

—2.0 (13) 


T71 A PI A P/1 A PC A 

r2A — C3A — C4A — CjA 


1 *70 n fn\ 

—i /o.y ( /) 


III) / ■ ; I ) /'ii) / ■ ^ i ) 

F2B — C3B — C4B — CjB 


1 *7n i /*7\ 

1 /y.2 (/) 


PI A pi A P/1 A PC A 

C2A — C3A — C4A — CoA 


n t /1 t\ 
U. / (12) 


/ ■ ^ I ) / 'Ml / ' 11) / ■ ^ I ) 

C2B — C3B — C4B — C5B 


1 1 ( 1 T\ 

3.3 (12) 


pq A p/i A pc A it 1 A 
C3A — C4A — CjA — r 1 A 


1 on n n\ 
-loU.U ( /) 


/ '/I) / ' IT) / '/ 1 ) T | T ) 

C3B — C4B — C5B — r IB 


1 *7n n (£\ 

—i /y.y (o) 


PI A P/1 A PC A P/; A 

C3A — C4A — CjA — CoA 


1 n /1 n\ 
— l.U (1U) 


t 'II) I'll) / ' ^ I ) t '/.I) 

C3B — C4B — CjB — CoB 


1 A PI 1 \ 

— 3.U (11) 


T71A PC A P/C A P1 A 

F 1 A — C5 A — CoA — C 1 A 


1 *7n o 

179.6 (6) 


III) I ' C T T 1 '/.IT /'ITT 

r IB — C5B — CoB — C1B 


1 *7o n ( c\ 

17s.9 (6) 


C4A — C5A — C6A — CIA 


0.9(10) 


C4B — C5B — C6B — C 1 B 


1.9(10) 


F 1 A— C5 A— C6 A— N 1 A 


-1.3 (9) 


FIB— C5B— C6B— NIB 


-3.5 (9) 


C4A — C5A — C6A — N1A 


179.7 (6) 


C4B— C5B— C6B— NIB 


179.5 (6) 


C2A — CIA — C6A — C5A 


-0.4 (10) 


C2B— C 1 B — C6B — C5B 


-1.1(11) 


C2 A— C 1 A— C6 A— N 1 A 


-179.2 (7) 


C2B— C 1 B — C6B — N 1 B 


-178.5 (7) 
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Ml A Ml A P/; A PC A 

JN2A — JN 1 A — CoA — C5A 


— 1 fy. I (j) 




\ttd MID P/CD prn 

JN2B — JN IB — Cots — C5B 




\n A Ml A P/: A P 1 A 

JN2A — JN 1 A — CoA — CIA 


-o.8 (y) 




\ttd \T1 D P<CD /'|n 

JN 2B — JN 1 B — CoB — C 1 B 


—I. I (1U) 


Ml A MT A P"7 A PI 1 A 

JN 1A — JN2A — C /A — CI 1 A 


A 1 f \ A\ 

—0.1 (10) 




Ml D \T1D p^n pi in 

JN IB — JN2B — C ID — CI IB 


1 n sew 

1.7 (9) 


Ml A Ml A P"7 A PO A 

JN 1 A — JN2A — C /A — C8A 


—i /y.y (5) 




M1D MID p-7n pon 

JN IB — JN2B — C ID — C8B 


— 1 /y.o [d) 


pa a p. i a ro a aq a 
C9 A — U 1 A — C8 A — U3 A 


A 1 /I A\ 

-(J. 3 (1U) 




/ 'ill) A 1 D POO AID 

CyB — U 1 B — C8B — U3B 


1 A SCi\ 

-1.4 (9) 


PA A A1 A po A P"7 A 

CV A — U 1 A — C8 A — C / A 


1 /y.D (0) 




PAD AID POD P"7D 

CyB — U 1 B — C8B — C ID 


1 *70 A 

1 /o.4 (o) 


mt a p~7 a po a r\i a 
JN2A — C / A — C8A — U3A 


1 /:a "7 

ioy. / ( /) 




MID P"7D POD AID 

JN2B — C ID — C8B — U3B 


1 / /.J (o) 


PI 1 A P"7 A po A A1 A 

CI 1 A — C / A — CoA — U3A 


1 A 1 /I 1\ 

—10.1 (11) 




Al ID P"7D POD AID 

C 1 1 B — C ID — C8B — U3B 


-3.4 (1U) 


MO A P"7 A po A A1 A 

JN2A — C /A — C8A — OlA 


— 10.2 (y) 




MID P"7D POD AID 

JN2B — C ID — C8B — U1B 


-2.3 (8) 


C 1 1 A— C7 A— C8 A— 0 1 A 


170.0 (6) 




C 1 1 B— C7B— C8B— 0 1 B 


176.8 (5) 


C8 A— 0 1 A— Cy A— C 1 OA 


173.4 (6) 




C8B— 0 1 B— Cy B— C 1 OB 


179.4 (8) 


N2A — C7A — CI 1A — 02A 


0.5(11) 




N2B— C7B— CI IB— 02B 


-5.7 (10) 


C8 A— C7 A— C 1 1 A— 02 A 


-179.8 (7) 




C8B— C7B— C 1 1 B— 02B 


175.2 (6) 


N2A— C7A— C 1 1 A— C 1 2A 


178.7 (8) 




N2B — C7B — C 1 1 B— C 1 2B 


173.8 (7) 


C8 A— C7 A— C 1 1 A— C 1 2 A 


-1.6(12) 




C8B— C7B— C 1 1 B— C 1 2B 


-5.2(11) 


Hydrogen-bond geometry (A, °) 










D—H-A 




D—H 


H—A D-A 


D—H-A 


NIB— H1NB -02B 




0.92 (4) 


1.78 (4) 2.541 (5) 


138 (4) 


N1A— H1NA-02A 




0.86 (5) 


1.88 (5) 2.547 (6) 


133 (4) 


C2A— H2AA-02A 




o.y3 


2.58 3.476 (7) 


163 


C4A— H4AA-03A" 




o.y3 


2.45 3.375 (6) 


173 


C2B— H2BA-02B' 




o.y3 


2.54 3.44y (6) 


166 


C4B— H4BA-03B ii 




o.y3 


2.46 3.380 (6) 


170 


CI OA— H10A-F2A iii 




o.y6 


2.54 3.343 (9) 


141 


C10B— HIOD-KB™ 




0.96 


2.48 3.330 (7) 


148 



Symmetry codes: (i) x, y+l,z; (ii) x-1/2, -y, z; (iii) x+1/2, -y+1, z. 
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